Augmented reality (AR) is a new technology in which various virtual elements are incorporated into the user's perception of the real world. The most significant aspect of AR is that the virtual elements add relevant and helpful information to the real scene. AR shares some important characteristics with virtual reality as applied in clinical psychology. However, AR offers additional features that might be crucial for treating certain problems. An AR system designed to treat insect phobia has been used for treating phobia of small animals, and positive preliminary data about the global efficacy of the system have been obtained. However, it is necessary to determine the capacity of similar AR systems and their elements that are designed to evoke anxiety in participants; this is achieved by testing the correspondence between the inclusion of feared stimuli and the induction of anxiety. The objective of the present work is to validate whether the stimuli included in the AR-Insect Phobia system are capable of inducing anxiety in six participants diagnosed with cockroach phobia. Results support the adequacy of each element of the system in inducing anxiety in all participants.
Introduction
A ugmented reality (AR) is a new technology that has demonstrated remarkable growth and progress in recent years. 1 Specifically, AR consists of an environment in which various virtual elements are incorporated into the user's perception of the real world. The system includes 3D objects and enables real-time interactivity. 2 The main objective of the application is to enhance the user's perception of an experience in the real world, wherein 3D virtual objects appear to coexist with real elements in the actual world. 1, 3 There are a number of differences between AR and virtual reality (VR). In VR, everything the user can see is virtual, whereas in AR, virtual elements are introduced into the user's perception of the real world. Significantly, the virtual elements in AR add relevant and helpful information to the real scene. Some authors define the qualities of both systems along a continuum from real to virtual environments. The surrounding environment of VR is virtual, while the surrounding environment of AR is real. 4 AR has the potential to be useful in various applications. The existing literature shows that the fields of education 5 and medicine 6 have thus far taken the most advantage of this new technology, developing applications using AR for various purposes. Other areas such as manufacturing, entertainment, and the military have also explored AR applications. However, AR systems have thus far been principally applied in academic and industrial research laboratories. 1 VR has demonstrated its efficacy in the treatment of phobias and other more complex anxiety disorders in a significant number of studies. 7, 8 AR offers additional advantages to clinical psychology 9 by contributing to the improvement of psychological treatments. Positive preliminary results have already been obtained by applying an AR system to the treatment of insect phobia. 9, 10 In spite of these encouraging results, existing studies on the utility of AR environments for clinical psychology applications are few. Another line of research explores the utility and validity of the various elements of an AR system through testing the correspondence between the inclusion of those elements (feared stimuli) and the induction of anxiety. Of course, an important aspect of AR or VR system testing must be to determine whether the elements included in them are relevant for the problems they aim to treat. There are already some studies in the field of VR exploring whether VR environments designed for the delivery of exposure therapy can elicit anxiety in non-clinical samples. 11, 12 The main objective of the present work is to validate the stimuli included in the AR system depending on the capacity of these elements to activate the fear structure. 13 Our aim is to explore whether the various stimuli included in the AR-Insect Phobia system can induce anxiety in six participants diagnosed with cockroach phobia. Our secondary aim is to confirm the data obtained in previous non-controlled studies on the capacity of the system to elicit a sense of presence and reality judgment. 9, 10 The data from this study could be used both to validate the utility of the various elements included in the AR-Insect Phobia system for exposure therapy, and also to achieve a higher degree of control in therapeutic tasks such as building an exposure hierarchy using the system's various elements. The present work focuses on an AR system 5DT HMD (head-mounted display) with camera. The study was conducted with a clinical sample.
Method

Participants
There were six female participants in the study. Their mean age was 29 (SD ¼ 7.49), and their ages ranged from 21 to 41. All of them came to seek help in our Emotional Disorder Clinic at Jaume I University of Castelló n and met DSM-IV-TR 14 criteria for Specific Phobia Animal Type, specifically fear of cockroaches.
Measures
The specific phobia section of the Anxiety Disorders Interview Schedule 15 was used in making the diagnosis. This instrument has been shown to have inter-reliability from satisfactory to excellent when it is administered by expert clinicians who are familiar with the DSM diagnostic criteria. 16 Subjective Units of Discomfort scale. 17 While immersed in the system, participants rated their levels of anxiety from 0 (no anxiety) to 10 (extreme anxiety). This measure allows the therapist to note changes in anxiety levels related to the inclusion of feared stimuli presented by the AR-Insect Phobia system throughout the immersion. In addition, the Subjective Units of Discomfort scale (SUDs) enables the therapist to gauge the system's ability to induce anxiety in the participants. Various studies have demonstrated the adequacy of SUDs through positive correlations between SUDs and state anxiety, or between SUDs and other anxiety measures such as physiological ones. 18 In addition, other studies 19 have identified a correlation between frequency, length, and intensity of exposure and a decline in SUD ratings.
Presence and reality judgment measures. In order to measure participants' presence while they were immersed in and interacting with the system, we asked them to rate their attribution of reality concerning the virtual cockroaches (''To what degree do you think the animals are real?'') on a 0-10 scale. Additionally, after the AR immersion, participants filled out the Presence and Reality Judgment Questionnaire (PRJQ). 20 For this study, we will present the data obtained by only two items that specifically measured the sense of presence and reality judgment experienced by the participants on a scale of 0 (I don't agree) to 10 (I totally agree): item 13 (''I felt I 'was inside' the virtual world'') and item 14 (''The experience seemed real to me'').
Augmented reality system for the treatment of cockroach phobia
The AR-Insect Phobia system runs on a PC AMD Athlon with 1 GB RAM on Microsoft Windows 2000. The video stream is captured using a USB camera (Creative NX-Ultra). Mixed reality images are displayed with a 5DT HMD. The camera is attached to the HMD and focuses in the direction in which the patient is looking. The HMD has 5DT with 800Â600 resolution and a high (40 degrees) field of view. The system was developed using ARToolKit 2.65 version with VRML support and Visual Cþþ version 6.0.
A basic element of the system is the representation of the cockroach, which can move its feelers and legs. The AR-Insect Phobia system includes the following variables:
(a) Number of cockroaches. When only one cockroach is required, it appears in the center of the marker; when more cockroaches appear, they do so randomly. (b) Movement of cockroaches. The cockroaches can be static or dynamic, and their movement is repetitive and different for each cockroach. (c) Zoom in=zoom out. The size of the cockroaches can be increased or reduced (small, medium, and large) with these options.
In addition, the user can kill one or several cockroaches using both a virtual flyswatter and a typical cockroach killer. Finally, cockroaches can be displayed on several surfaces (on the table, on the floor, and near users' personal belongings). This system was designed to apply exposure therapy for cockroach phobia. A more detailed technical description of the system can be found in other studies.
10,21
Procedure Participants were recruited through advertisements for free treatment for cockroach phobia using new technologies; all participants came to seek help in our Emotional Disorder Clinic at Jaume I University of Castelló n. After the assessment protocol was applied at the Emotional Disorders Clinic, participants who met DSM-IV-TR 13 criteria for Specific Phobia Animal Type signed a consent form. The study included an intensive treatment session for cockroach phobia following the protocol developed by Ö st et al. 22 During immersion, participants were exposed to the various elements included in the AR system; the therapist remained nearby (Figures 1 and  2 ). The order of presentation of each element was established depending on each participant's exposure hierarchy, which was previously determined with the therapist and comprised the options included in the AR system. The stimuli presentation order could vary depending on this hierarchy. However, the hierarchy was very similar for all six participants. All participants chose the same order of stimuli presentation, except participant number 3. She chose a different order for the last two stimuli: she was first exposed to ''Insect next to hands'' and then to ''Insects next to personal belongings.'' The common hierarchy is shown in Table 1 .
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During immersion in the system, participants rated their anxiety levels (SUDs). The exposure time for each stimulus varied for each participant depending on initial SUD levels and the time required for anxiety to decrease. The duration of exposure to each stimulus across the six participants ranged from 10 to 20 minutes. Total immersion durations for each participant were as follows: 1 hour and 55 minutes for P1; 2 hours for P2; 1 hour and 30 minutes for P3; 2 hours and 22 minutes for P4; 1 hour and 10 minutes for P5; and 2 hours for P6. During the AR session, the participants rated their reality judgment; after AR immersion, each participant completed the PRJQ. Table 2 , the system as a whole was capable of inducing anxiety in all participants. Their reported anxiety levels during the AR immersion ranged from 9 to 10 (the highest levels of the scale). The mean anxiety levels during the AR session were greater than 5 for each participant (ranging from 5 to 8). Regarding presence and reality judgment measures, all participants obtained high scores in the attribution of reality to the cockroaches during the AR session (ranging from 8 to 10). They also obtained high scores for items 13 (from 7 to 10) and 14 (from 7 to 9) of the PRJQ after the AR session (see Table 2 ); this indicates that all participants were able to immerse themselves in the AR environment and that they felt as anxious as they would have if they had been confronting real cockroaches. The specific elements included in the system and used during the AR immersion for each participant are shown in Figure 3 .
Results
As seen in
The AR-Insect Phobia system activated high levels of anxiety in the participants during the AR immersion. Anxietylevel results obtained during the immersion session showed notable fluctuations for all participants in the expected direction; that is, important anxiety reduction was observed during exposure to each element of the system. Furthermore, variations in the participants' levels of anxiety were observed. Specifically, anxiety-level peaks were associated with the anxiety-provoking elements introduced by the AR-Insect Phobia system (e.g., whether the cockroaches were static or moving, the number and size of cockroaches, and whether the patients saw the insects near their personal belongings). As shown in Table 3 , although there were differences in the anxiety response given by participants to each of the elements included in the system, all participants experienced high levels of anxiety (ranging from 8 to 10) for some of the elements when they were presented for the first time; not one of the elements failed to evoke any anxiety at all. Specifically, the elements that elicited higher levels of anxiety in all participants were ''one insect in movement'' or ''more insects in movement.'' These two elements activated anxiety in all participants with levels of anxiety of 5 or higher. Finally, in Figure 3 , the participants' anxiety fluctuations in each of the elements of the AR system are shown. When the stimuli were maintained, the levels of anxiety decreased progressively. The required time to observe this anxiety reduction varied depending on initial levels of fear and on the severity of the phobia.
Discussion
The aim of the present work was to explore whether each of the various stimuli included in the AR-Animal Phobia system was capable of inducing anxiety in six participants Note: All participants chose this presentation order, except participant 3 for whom the order of the last two elements was inverted.
diagnosed with cockroach phobia. The results showed that all elements of the AR system elicited an anxiety response in the participants. However, variability was observed among the stimuli; that is, not all the elements had the same importance for all participants. Notably, two of the elements elicited higher levels of anxiety, from moderate to high. These two elements were ''one insect in movement'' and ''more insects in movement.'' Thus we concluded that ''giving movement'' to the virtual cockroaches during the AR session was an important factor in eliciting anxiety in the participants. Only these two options were successful in eliciting an anxiety response of 5 SUDs or higher in each of the six participants.
These results show the importance of movement of virtual cockroaches in eliciting the pathological fear structure 13 and in evoking a higher anxiety response in all participants. The observed significance of animating the virtual element provides new and relevant information about the AR system and the capacity of its various elements to activate the anxiety response. This finding can provide guidance to other researchers seeking to develop and improve virtual environments for the treatment of animal phobia. First, the utility of ''movement'' as a crucial element of the system should be considered. Second, it is significant that not all the stimuli of the system evoke the same anxiety response across the six participants. Therefore, it is necessary to note which elements of the system are more threatening for each participant. This information will allow the therapist to construct the most effective exposure hierarchies with the most appropriate graduated exposure for each participant.
The availability and modifiability of the various elements in our system enables us to achieve a high degree of control in therapeutic tasks. As shown in Figure 3 , the introduction of various elements was associated with an increase in the anxiety levels reported by the participants. Therefore, as in previous studies, 9,10 the data confirm the validity of this AR system for exposure therapy for this specific phobia.
Lastly, as indicated by the scores obtained in presence and reality judgment measures, all participants felt a strong sense of presence and thought they were confronting real cockroaches. These data confirmed the results obtained in previous non-controlled studies on the capacity of the system to elicit a sense of presence and reality judgment in clinical simples. 9, 10 One advantage of this novel technology over VR is that AR can be more immersive; everything the user sees is from the real world except the feared stimuli (in this case, the cockroaches). 
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It is important to note that although a measure for disgust was not included in this study, the role of this emotion in exposure therapy can be very relevant in insect phobia. Recently, there has been growing interest in the study of disgust in anxiety disorders. 23, 24 We posit that the degree of control that VR and AR allow could be useful in studying different emotional responses to various stimuli and the different effects on levels of fear and disgust as they relate to exposure to certain stimuli. Additionally, VR and AR could promote the acceptability of exposure therapy for those patients who experience a high level of disgust to a stimulus, given that the feared object is virtual not real. Patients might be more willing to interact with virtual cockroaches than real ones because their degree of disgust could be lower.
In summary, the present work highlights the importance of conducting studies that test the capability of the stimuli included in VR or AR systems to achieve the objectives for which they were designed. 
